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(57) ABSTRACT 

An angular analysis system that can be controlled to receive 
radiation at a defined angle from a defined focus region. The 
angular analysis system is used for level 2 inspection in an 
explosive detection system. Level 2 inspection is provided by 
a three-dimensional inspection system that identifies Suspi 
cious regions of items under inspection. The angular analysis 
system is focused to gather radiation scattered at defined 
angles from the Suspicious regions. Focusing may be 
achieved in multiple dimensions by movement of source and 
detector assemblies in a plane parallel to a plane holding the 
item under inspection. Focusing is achieved by independent 
motion of the Source and detector assemblies. This focusing 
arrangement provides a compact device, providing simple, 
low cost and accurate operation. 

23 Claims, 8 Drawing Sheets 
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1. 

INSPECTION SYSTEM WITH MATERAL 
IDENTIFICATION 

RELATED APPLICATIONS 

This application claims priority under 35 U.S.C. S 119(e) 
to U.S. Provisional Application Ser. No. 60/690,281, entitled 
MOVING SOURCE AND DETECTOR COLLIMATION 
AND TARGETING INSPECTION SYSTEM FOR MATE 
RIAL IDENTIFICATION BY ENERGY-DISPERSIVE 
COHERENTX-RAY SCATTERING OR FLUORESCENT 
EMMISSIONS. filed on Jun. 14, 2005, which is herein 
incorporated by reference in its entirety. 

This application claims priority under 35 U.S.C. S 119(e) 
to U.S. Provisional Application Ser. No. 60/690,440, entitled 
“COHERENT X-RAY SCATTERING SYSTEM WITH 
EXTERNAL POWER SUPPLY filed on Jun. 14, 2005, 
which is herein incorporated by reference in its entirety. 

BACKGROUND OF INVENTION 

1. Field of Invention 
This application relates generally to material identification 

and more specifically to inspection systems that perform 
material identification. 

2. Discussion of Related Art 
Inspection systems are widely used to obtain information 

on objects that cannot be readily seen in an external exami 
nation of items under inspection. Inspection systems are used 
as part of security systems, such as explosive detection sys 
tems, used at airports or other settings to preclude people 
from Smuggling explosives into a secure area by concealing 
them in packages. Though, inspection systems may also be 
used during mail processing to obtain information on objects 
in packages, during mail processing on bones or other struc 
tures inside a human body during medical testing, on objects 
in food products as part of health inspections, on minerals in 
ore as part of a mining operation and in many other settings. 

Frequently, inspection systems use penetrating radiation, 
Such as X-rays. The inspection system captures the radiation 
after it has interacted with an item under inspection. Analysis 
of the radiation reveals properties of objects inside the item 
under inspection. Based on this analysis, a security system 
can “clear an item by determining that it contains only 
innocuous objects or can "alarm an object by determining 
that it likely contains one or more objects that pose a threat. 
Other inspection systems may cause other actions based on 
the properties of the objects identified in the inspection. 

In capturing radiation, some inspection systems discrimi 
nate between radiation emanating from an object at different 
angles. Angular discrimination may be used in conjunction 
with a focusing system that passes only radiation from a 
specific region on which data is to be collected. In some 
instances, controlling the measurement angle reveals infor 
mation useful for analyzing an object. For example, the angle 
at which radiation scatters from an object is an indication of 
the type of material that makes up the object. As one example, 
X-ray diffraction analysis may be used to analyze the spec 
trum of radiation scattered from a region of an item under 
inspection to determine whether that region contains innocu 
ous material or a threat material. 

SUMMARY OF INVENTION 

In one aspect, the invention relates to an inspection system 
that has a conveyor adapted to move items in a first direction. 
The system has a source assembly with an X-ray Source 
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2 
adapted to irradiate an item on the conveyor and a source 
collimator positioned between the X-ray source and the con 
veyor. A first positioning mechanism is adapted and arranged 
to move the source assembly in a second direction, transverse 
to the first direction. The system also has a detector assembly 
with a detector and a detector collimator positioned between 
the detector and the conveyor. A second positioning mecha 
nism is adapted and arranged to move the detector assembly 
in the second direction. The second positioning mechanism 
can be controlled in at least one direction independently of the 
first positioning mechanism. 

In another aspect, the invention relates to a method of 
operating an inspection system having a source, a detector 
and an inspection region adapted and arranged to position an 
item under inspection in a plane. According to the method, the 
Source and the detector move parallel to the plane to create a 
focus region in an item under inspection. The source radiates 
the focus region and the detector measures radiation emanat 
ing at an angle from the focus region. The measured radiation 
is then analyzed. 

In another aspect, the invention relates to a method of 
operating an inspection system. The method includes moving 
an item through an inspection area; and gathering data on a 
focus region of the item using a source and a detector while 
moving the source and the detector synchronously with the 
item. 

BRIEF DESCRIPTION OF DRAWINGS 

The accompanying drawings are not intended to be drawn 
to scale. In the drawings, each identical or nearly identical 
component that is illustrated in various figures is represented 
by a like numeral. For purposes of clarity, not every compo 
nent may be labeled in every drawing. In the drawings: 

FIG. 1 is sketch of an explosive detection system in which 
an embodiment of the invention may be employed; 

FIG. 2 is a block diagram of an inspection system accord 
ing to an embodiment of the invention; 

FIG. 3 is a sketch of a helical scan CT system, which may 
be used as the three-dimensional imaging system in the 
inspection system of FIG. 2; 

FIG. 4 is a side view of an X-ray diffraction system, which 
may be used as the angular analysis system in the inspection 
system of FIG. 2; 
FIG.5 is a sketchuseful in understanding adjustment of the 

X-ray diffraction system of FIG. 4; 
FIG. 6A is a top view of an aperture plate of the X-ray 

diffraction system of FIG. 4; 
FIG. 6B is a side view of the aperture plate of FIG. 6A: 
FIG. 7A is a sketch of an energy spectrum measured at a 

first angle with the X-ray diffraction system of FIG. 4; 
FIG. 7B is a sketch of an energy spectrum measured at a 

second angle with the X-ray diffraction system of FIG. 4; and 
FIG. 8 is a flow chart illustrating operation of the X-ray 

diffraction system of FIG. 4. 

DETAILED DESCRIPTION 

The inventors have appreciated that an improved inspec 
tion system may be formed with improved material identifi 
cation capabilities. The improvements may be in the size, 
speed, cost or accuracy of the system. 

In some embodiments, the improved inspection system 
uses an angular analysis system that selectively measures 
radiation at a specified angle. In one aspect, an improved 
angular analysis system may result from independently posi 
tionable source and detector assemblies that allow the angular 
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analysis system to be focused on a region of an item under 
inspection by relative motion of the source and detector 
assemblies parallel to a plane holding an item under inspec 
tion. This configuration allows the angular analysis system to 
have a relatively small size and enables it to be practically 
used in environments where space is constrained. For 
example, Such a system may be used in a baggage inspection 
system at an airport. It may be installed in an existing inspec 
tion bag room or as part of an in-line conveyor system without 
removing walls, raising ceilings or otherwise making exten 
sive physical modifications to airport buildings. 

In another aspect, speed of inspection may be improved by 
synchronizing motion of the source and detector assembly 
with motion of an item under inspection while a measurement 
is made. Because a conveyor carrying the items does not need 
to stop and restart for each item to be inspected, the inspection 
system may have a higher throughput. Items to be inspected 
can be continuously inspected at a rate matching the rate at 
which suspicious objects are identified by a first level inspec 
tion system. 

In another aspect, the speed of the angular analysis system 
may be increased by providing a collimator configuration that 
increases the amount of radiation reaching the detector with 
out unreasonably decreasing the angular resolution of the 
system. Such a system reduces the time required to acquire 
data with a signal to noise ratio adequate for an accurate 
determination of material properties. 

These aspects may also reduce system cost. For example, 
providing a simple mechanism to an angular analysis system 
on Suspicious regions of an item under inspection may reduce 
the overall cost of the system. 

Costs may also be reduced in other ways. In another aspect, 
the angular analysis system can be simply reconfigured to 
selectively measure radiation emanating at different angles 
from a region of an item under inspection. The same detector 
can be used to measure radiation at multiple angles, reducing 
the overall cost of the system. 

Aspects of the angular analysis system may also increase 
the accuracy of the system. Facilitating measurements of 
radiation emanating at different angles may increase the accu 
racy of the system by allowing a material to be analyzed based 
on radiation emanated at an angle that reveals the most useful 
information for analysis. In addition, the Small size of Such a 
system allows it to be readily used in conjunction with sys 
tems employing other inspection technologies. Using Such 
systems together may significantly improve the accuracy with 
which the overall inspection system operates. 

These and other aspects of an inspection system are 
described below using an explosive detection system as an 
example. Such a system, for example, may be used at an 
airport to inspect checked luggage, carryon baggage or other 
similar items. However, the invention is not limited to this 
example embodiment. 

FIG. 1 illustrates an explosive detection system 110 
according to an embodiment of the invention. Explosive 
detection system 110 includes a mechanism to move items 
under inspection through the system. In this example, con 
veyor 112 moves item under inspection 180. 

Conveyor 112 runs through a tunnel 114. Tunnel 114 is 
formed from a housing or other suitable structure. As will be 
described in more detail below, explosive detection system 
110 includes equipment within tunnel 114 that irradiates an 
item under inspection with X-rays and measures radiation that 
has interacted with the item under inspection. These measure 
ments are used to aide a determination of whether the item 
under inspection contains an explosive. 
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4 
Though a single housing is shown in FIG. 1, in some 

embodiments, the equipment may be positioned in multiple 
housings. Those housings may be coupled in any Suitable 
way, Such as by a conveyor system. Moreover, the housing 
may be in any desired form and may be omitted in some 
embodiments. 

Explosives are one example of the types of objects that an 
inspection system may detect and the invention is not limited 
to use in conjunction with Systems that detect explosives. 
More generally, an inspection system used as part of a secu 
rity system may screen items under inspection and indicate 
whether each item may contain detect drugs, illicit currency, 
weapons or other contraband items. Though, the invention is 
not limited to use in conjunction with Such security systems. 
It may be used in conjunction with any type of system that 
determines material properties. Such as systems that detect 
valuable materials in mining or recycling operations. 

In the example of FIG. 1, item under inspection 180 is 
illustrated as a Suitcase with an object inside of it forming a 
suspicious region 182. Explosive detection system 110 oper 
ates to determine, with a high degree of accuracy, whether 
Suspicious region 182 is formed by an explosive material 
inside item under inspection 180. The overall output of explo 
sive detection system 110 is an indication that item under 
inspection 180 either contains no explosives and is “clear” or 
possibly contains an explosive and requires an "alarm.’ 
As shown, the output of explosive detection system 110 is 

provided at an operator review station 170. A human operator 
monitoring operator review station 170 may make a determi 
nation of the appropriate processing required for an item 
under inspection based on the output of explosive detection 
system 110. That output instead or additionally may be pro 
cessed by one or more computers as part of making a deter 
mination of whether an item under inspection is clear or is 
alarmed. 

In the described embodiment, explosive detection system 
110 includes two stages. A different inspection technology is 
used at each stage to make an overall determination that item 
under inspection 180 either is “clear or requires an "alarm.’ 
One stage performs a first level inspection, which, for each 
item under inspection, indicates that the item is clear or that it 
contains a suspicious region. Those items containing Suspi 
cious regions are then transferred to the second level of 
inspection for a more accurate determination of whether the 
item is clear or requires an alarm. 

FIG. 2 illustrates, in block diagram form, the construction 
of explosive detection system 110. Explosive detection sys 
tem 110 includes a three-dimensional imaging system 210 
and an angular analysis system 220. In this embodiment, 
three-dimensional imaging system 210 acts as a level 1 scan 
ner to make an initial determination whether an item under 
inspection contains any suspicious regions. Angular analysis 
system 220 serves as a second level inspection system and 
determines properties of materials in each Suspicious region. 
Information on the materials in the Suspicious regions allows 
a more accurate indication of whether each Suspicious region 
is either an explosive or an innocuous item. 

In the embodiment shown, three-dimensional imaging sys 
tem 210 and angular analysis system 220 are interconnected 
by a conveyor system. Here the conveyor system is shown to 
contain conveyors 242, 244, 246, and 248. If, upon initial 
inspection, three-dimensional imaging system 210 detects no 
Suspicious regions within an item under inspection, the item 
under inspection is diverted to conveyor 242, causing the item 
under inspection to be “cleared.” In the example of an explo 
sive detection system used for an airport security system, 
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cleared items may be loaded onto airplanes, returned to pas 
sengers for carry-on to an airplane or otherwise allowed to 
enter a secured area. 

Alternatively, if three-dimensional imaging system 210 
identifies one or more Suspicious regions in an item under 
inspection, the item under inspection is diverted to conveyor 
244. Conveyor 244 carries the item under inspection to angu 
lar analysis system 220 for a level 2 inspection. 
As shown, three-dimensional imaging system 210 and 

angular analysis system 220 are both coupled to controller 
230. Controller 230 provides a mechanism for information 
concerning an item under inspection to be passed from three 
dimensional imaging system 210 to angular analysis system 
220. Information passed from three-dimensional imaging 
system 210 to angular analysis system 220 may include the 
number and locations of Suspicious regions identified by 
three-dimensional imaging system 210. Further, the informa 
tion may include a preliminary indication of the type of threat 
object Suspected or other information indicating why a region 
was indicated as a Suspicious region by three-dimensional 
imaging system 210. 

Angular analysis system 220 uses the information gener 
ated by three-dimensional imaging system 210 to identify 
locations within an item under inspection at which material 
properties should be measured. In the pictured embodiment, 
angular analysis system 220 makes measurements that reveal 
information on the properties of materials within the Suspi 
cious regions of the item under inspection. Explosive detec 
tion system 110 may then use this information to determine 
whether each Suspicious region contains an explosive or other 
threat item or whether it contains an innocuous item. Such a 
determination may be made by a processor or other computer 
hardware within angular analysis system 220 that is Suitably 
programmed. However, such processing may be performed in 
any Suitable processor. 

In the example described herein, angular analysis system 
220 uses X-ray diffraction analysis to measure properties of 
the material in each Suspicious region. Briefly, X-ray diffrac 
tion systems operate on the principal that X-rays are dif 
fracted, or scattered, from a material at an angle that is related 
to the properties of that material. More specifically, X-rays are 
diffracted at an angle related to the energy of the X-ray and the 
spacing between the molecules in the material from which 
they are diffracted. Accordingly, the spectrum of X-rays dif 
fracted at a particular angle from an object provides informa 
tion about the type of material in that object. By matching the 
spectrum of scattered X-rays to a spectrum of a known explo 
sive material or to a spectrum of a know innocuous material, 
angular analysis system 220 may provide information allow 
ing a Suspicious region identified by three-dimensional imag 
ing system to be classified with higher confidence as a threat 
or as an innocuous item. 

X-ray diffraction is described in the literature, including 
U.S. Pat. No. 6,118,850 to Mayo et al. entitled “Analysis 
Methods for Energy Dispersive X-ray Diffraction Patterns.” 
issued Sep. 12, 2000, which is hereby incorporated by refer 
ence in its entirety. Angular analysis system 220 may perform 
analysis as described in that patent or in any other suitable 
way. 

However, X-ray diffraction is not the only possible type of 
angular analysis. Some materials fluoresce when irradiated, 
which generates radiation with a spectrum characteristic of 
the material. By capturing radiation emitted at a particular 
angle, it may be possible to selectively receive radiation emit 
ted from a Suspicious region of an item under inspection. 
Analysis of the spectrum of the captured radiation may indi 
cate the nature of the material in that Suspicious region. 
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6 
Regardless of the exact principle of operation of angular 

analysis system 220, the system includes a focusing system 
that allows radiation from a region of an item under inspec 
tion to be captured and analyzed. In operation, angular analy 
sis system 220 is focused on one or more locations within 
each Suspicious region identified by three-dimensional imag 
ing system 210. Radiation emanating from these regions is 
captured and analyzed. Information obtained by this analysis 
is used to determine whether each Suspicious region contains 
only innocuous material or contains material characteristic of 
a threat. 
An item under inspection for which all Suspicious regions 

are determined to contain only innocuous material is diverted 
onto conveyor 246. Items diverted onto conveyor 246 are 
thereafter process as cleared items. Conversely, if informa 
tion generated by angular analysis system 220 indicates that 
one or more of the Suspicious regions contains an explosive or 
other threat item, the item under inspection is alarmed. The 
alarmed item may be diverted onto conveyor 248, where the 
item under inspection is processed in the manner appropriate 
for an item containing an explosive or other contraband item. 
For example, alarmed items may be further inspected, includ 
ing by a manual search, or may be destroyed or otherwise 
precluded from entering a secured area. 

In the example of FIG. 2, three-dimensional imaging sys 
tem 210 and angular analysis system 220 are shown as inde 
pendent systems with controller 230 passing information 
between them to allow the overall system to make a determi 
nation about each item under inspection. Such an architecture 
is just one example of an architecture for explosive detection 
system 110. Acquisition of data and analysis of that data may 
be performed in any suitable hardware. For example, all data 
analysis could be performed in controller 230. In such 
embodiments, three-dimensional imaging system 210 may 
acquire data on an item under inspection and provide that data 
to controller 230. Controller 230 may analyze the data 
acquired by three-dimensional imaging system 210 to detect 
Suspicious regions. Similarly, angular analysis system 220 
may measure the spectrum of scattered radiation from an item 
under inspection and provide data describing the measured 
spectrum to controller 230. Controller 230 may thereafter 
analyze the measurements to determine whether an item 
under inspection should be processed as an alarmed item or 
processed as a cleared item. 

Though, this is only an example of one partitioning of the 
data analysis and processing functions and other embodi 
ments are possible. For example, three-dimensional imaging 
system 210 and angular analysis system 220 may be housed 
within the same physical unit or may be housed in separate 
physical units. They may be located relatively close together 
or maybe located in different physical locations and intercon 
nected through a computer network or other communication 
medium. 

In embodiments in which three-dimensional imaging sys 
tem 210 and angular analysis system 220 are separate units 
linked by a conveyor system, it may be necessary to relate the 
coordinate system in which angular analysis system 220 mea 
Sures properties of suspicious region to the coordinate system 
in which three-dimensional imaging system reports Suspi 
cious regions. In the pictured embodiment, because three 
dimensional imaging system 210 and angular analysis system 
220 are in separate locations, it is possible for an item under 
inspection to shift its position on the conveyor System as the 
item is moved from three-dimensional imaging system 210 to 
angular analysis system 220. Accordingly, angular analysis 
system 220 may be adapted to contain a system to register its 
coordinate system to that used by three-dimensional imaging 
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system 210. An example of a suitable system is described in 
co-pending patent application Ser. No. 1 1/400,489, entitled 
REGISTRATION SCHEME IN EXPLOSIVES DETEC 
TION SYSTEM,” and filed on Apr. 7, 2006, which is hereby 
incorporated in its entirety. However, any Suitable mechanism 
to relate the coordinate systems may be used. 

In operation, explosive detection system 110 may inspecta 
series of items. These items may be moved through three 
dimensional imaging system 210 at a constant rate. Some 
portion of the items inspected at three-dimensional imaging 
system 210 may be cleared during first level inspection and 
then diverted on conveyor 242. However, the remainder of the 
series of items under inspection may be diverted on conveyor 
244 for further analysis by angular analysis system 220. To 
provide high throughput for explosive detection system 110. 
angular analysis system 220 may process the items diverted 
on conveyor 244 at the same rate at which those items are 
processed by three-dimensional imaging system 210. Fur 
ther, in Some embodiments, angular analysis system 220 will 
perform measurements on items under inspection without 
stopping them as they move on conveyor 244. By avoiding the 
need to stop items within angular analysis system 220, the 
overall throughput of explosive detection system 110 may be 
increased. Accordingly, as described in more detail below, 
Some embodiments of the invention provide an angular analy 
sis system 220 that may perform measurements on items 
under inspection as they are moving on conveyor 244 through 
the angular analysis system 220. 

In the embodiment of FIG. 2, three-dimensional imaging 
system 210 acts as a level 1 scanner. Explosive detection 
systems with level 1 scanners are known. Any suitable level 1 
scanner may be used in explosive detection system 110. How 
ever, in this example, three-dimensional imaging system 210 
is a helical scan CT system. 

FIG.3 illustrates ahelical scan CT system that may be used 
as a level 1 scanner in explosive detection system 110. As 
shown in FIG. 3, items under inspection, such as item 382, 
move continuously along a conveyor 112. As item under 
inspection 382 passes through three-dimensional imaging 
system 210, an X-ray source 314 and X-ray detector array 316 
rotate around conveyor 112. Though the source 314 and 
detector array 316 rotate in a stationary plane perpendicular 
to conveyor 112, because item under inspection 382 is mov 
ing along conveyor 112, the source and detector array trace 
out a helical path 330 relative to item under inspection 382. 

In the illustrated embodiment, X-ray source 314 and detec 
tor array 316 combine to measure the X-ray power passing 
through item under inspection 382. Such a measurement indi 
cates the amounts various portions of the item under inspec 
tion 382 attenuated the X-rays. These attenuation measure 
ments may be used as an indication of the density of regions 
of the item under inspection. In the system as shown, attenu 
ation is determined for X-rays at a single energy level and 
Suspicious regions are identified based on the shape and den 
sity of the region. 

However, materials of different atomic number attenuate 
X-rays of different energies differently. Some X-ray imaging 
systems make multi-energy X-ray measurements to obtain 
information about the atomic number of the materials in the 
item under inspection. Thus, in some embodiments, three 
dimensional imaging system 210 may identify suspicious 
regions in part based on their atomic number. 

Regardless of whether single or multi-energy measure 
ments are made, as in a conventional helical scan system, 
Source 314 may have a beam angle C. designed to intersect the 
entire width W of detector array 316. The speed of rotation of 
the source 314 and detector array 316 may be controlled 
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8 
relative to the speed of conveyor 112 such that the spacing D 
between loops of helical path 330 is sufficiently small that 
adequate data is collected on item under inspection 382 to 
allow computed tomographic reconstruction techniques to be 
used to form a three-dimensional image of item under inspec 
tion 382. With this configuration, an image of each item under 
inspection may be generated within three-dimensional imag 
ing system 210 as items under inspection pass in a continuous 
stream along conveyor 112. 

In the embodiment of FIG. 3, an image formed by three 
dimensional imaging system 210 is illustrated graphically as 
image 370. Image 370 appears as it may be presented on a 
computer screen to an operator of three-dimensional imaging 
system 210. In some embodiments, the image formed by 
three-dimensional imaging system 210 may be presented 
graphically to a human operator who may then select Suspi 
cious regions for further analysis. However, in other embodi 
ments, the image may be processed by a computer system 
without intervention of a human operator. Data analysis tech 
niques to automatically recognize Suspicious regions from 
measurements made with a three-dimensional imaging sys 
tem are known. Such techniques, or any other suitable tech 
nique, may be used to identify Suspicious regions within item 
under inspection 382. 

Those items under inspection containing Suspicious 
regions are diverted to angular analysis system 220 (FIG. 2). 
Angular analysis system may be operated to focus on the 
Suspicious regions to better identify whether they contain 
threat items or innocuous items. FIG. 4 illustrates details of a 
focusing system of angular analysis system 220 according to 
an embodiment of the invention. 

In this embodiment, conveyor 244 moves an item under 
inspection 180 into an inspection region 400. Angular analy 
sis system 220 is focused on one or more points within each 
suspicious region 182 identified as a result of level 1 scan 
ning. As used herein, “focusing means that the system is 
configured to receive radiation emanating from a selected 
region. In the configuration shown in FIG. 4, angular analysis 
system 220 is focused on focus region 454. 
To gather information on Suspicious region 182, item under 

inspection is moved on conveyor 244 into inspection region 
400. Angular analysis system 220 is then adjusted to focus on 
a location within Suspicious region 182 and radiation ema 
nating from that location is gathered and analyzed. If infor 
mation on other locations within Suspicious region 182 is 
desired, the system is refocused and more data is collected. In 
Some embodiments, two measurements are taken on each 
Suspicious region, but any number of measurements may be 
taken. Once data is collected for one Suspicious region, the 
system may be refocused on other Suspicious regions. 

In the pictured embodiment, angular analysis system 220 is 
an X-ray diffraction system. For an X-ray diffraction system, 
data is collected by radiating an item under inspection with 
X-rays. In the embodiment of FIG. 4, item under inspection 
180 is radiated with pencil beam 450 of X-ray radiation. 
Pencil beam 450 is generated by an X-ray source. As can be 
seen in FIG. 4, pencil beam 450 passes through focus region 
454. 

In the illustrated embodiment, angular analysis system 220 
includes a source assembly 410 that generates pencil beam 
450. Source assembly 410 includes an x-ray tube 412. 

X-ray tube 412 is powered by high voltage power supply 
460. In some embodiments, high voltage power supply 460 is 
selected to power X-ray source 412 to emit radiationata range 
of energies. The upper limit of that range is set by the Voltage 
of high Voltage power Supply 460. In some embodiments, 
high Voltage power Supply 460 has an upper range of about 
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130 keV. In one embodiment, high voltage power supply 460 
has a voltage of approximately 100 keV. A maximum Supply 
of voltage of about 100 keV or less has been found to provide 
adequate energy that detector 432 may make a measurement 
without introducing an unreasonable amount of noise that 
interferes with measurements. 

In the illustrated embodiment, power supply 460 is not 
mounted to source assembly 410. It supplies power to X-ray 
tube 412 through flexible cable 462 that allows source assem 
bly 410 to move relative to power supply 460. Such a con 
figuration allows power Supply to be mounted in any Suitable 
location and may be separated from the remainder of the 
system by distance, shielding or in any other Suitable way. 

Radiation leaving X-ray tube 412 is collimated into a pencil 
beam by collimator 414. Collimator 414 may be a material 
opaque to X-rays, such as titanium, having a small aperture, 
such as a pinhole. Collimator 414 is held by support member 
418, which may be coupled to X-ray tube 412. In this embodi 
ment, collimator 414 has a fixed position relative to X-ray tube 
412 such that source assembly 410 emits pencil beam 450 
perpendicular to conveyor 244. As shown, Source assembly 
410 may move in the directions labeled X or Z to position the 
source assembly 410 so that pencil beam 450 passes through 
any desired focus region. To position beam 450, source 
assembly 410 is coupled to drive mechanism 420. In opera 
tion, drive mechanism 420 is controlled, such as by com 
mands sent from controller 230, to position pencil beam 450 
Such that it passes through a suspicious region 182 within 
item under inspection 180. Drive mechanism 420 may be any 
Suitable drive mechanism, including an electric linear motor, 
an electric rotating motor or a hydraulic actuator. 

In this embodiment, drive mechanism 420 is shown 
coupled to track 422 that guides drive mechanism 420 in the 
Z direction. A similar track (not shown) may be included to 
guide drive mechanism 420 as it moves in the X direction. 
However, any Suitable mechanical Support structure may be 
used to movably retain source assembly 410. In the illustrated 
embodiment, drive mechanism 420 may position Source 
assembly 410 at any desired position in the X-Z plane below 
inspection area 400. 

In the example of FIG. 4 in which angular analysis system 
220 is an X-ray diffraction system, measurements are made by 
collecting radiation diffracted at a specific angle relative to 
pencil beam 450. In the configuration illustrated in FIG. 4, 
diffracted radiation 452 emanating from focus region 454 is 
measured and analyzed. 

Information is gathered on the material within focus region 
454 using detector assembly 430. Detector assembly 430 
includes a detector 432. In this embodiment, detector 432 
may be a high performance germanium detector. Detector 
432 may be chilled to increase its sensitivity. In some embodi 
ments, a range of measurements may be made using a single 
detector. However, any suitable detector or detectors may be 
used. 

The output of detector 432 may be coupled to controller 
230 (FIG. 2) or other suitable data processing device. This 
output may be processed using X-ray diffraction techniques as 
described above and as described in more detail below to 
identify the type of material within suspicious region 182. 
As shown in FIG. 4, detector 432 is positioned to receive 

radiation 452 emanating from focus region 454. Radiation 
454 reaches detector 432 because it is emanating from focus 
region 454 at an angle that allows it to pass through both 
aperture plates 434 and 436. As shown, aperture plates 434 
and 436 have relatively narrow apertures and are held apart by 
support member 438 at a sufficient distance that only radia 
tion traveling in a relatively small range of angles can pass 
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10 
through aperture plates 434 and 436. Detector assembly 430 
contains shielding 439 that blocks radiation from reaching 
detector 432 other than through aperture plates 434 and 436. 
The size, shape and relative position of aperture plates 434 

and 436 define a field of view for detector 432. The intersec 
tion of this field of view for detector 432 with pencil beam 450 
defines a focus region 454 on which a measurement is taken. 
By controlling the position of detector assembly 430 relative 
to source assembly 410, the point at which this field of view 
intersects pencil beam 450 can be controlled, thereby control 
ling the location of focus region 454. 

Accordingly, detector assembly 430 is coupled to a drive 
mechanism 440, which allows it to be positioned to achieve 
the desired focus. Drive mechanism 440 may be mounted on 
track 442 or mounted in any other suitable way that allows 
detector assembly 430 to be positioned so that angular analy 
sis system 220 images the desired focus region. 

In the pictured embodiment, controller 230 (FIG. 2) pro 
vides commands to drive mechanism 420 and drive mecha 
nism 440 to position source assembly 410 and detector 
assembly 430 such that focus region 454 coincides with a 
Suspicious region 182. If multiple measurements are desired 
within one suspicious region, information may be acquired 
from detector 432 with the source assembly 410 and detector 
assembly 430 positioned to focus at the desired location 
within suspicious region 182. Thereafter, either or both of 
source assembly 410 and detector assembly 430 may be repo 
sitioned to focus angular analysis system 220 on a different 
location within Suspicious region 182. 

In some embodiments, a single measurement may be made 
for each Suspicious region 182. In other embodiments, con 
troller 230 may control angular analysis system 220 to take a 
second measurement within Suspicious region 182. Any num 
ber of measurements may be taken within a suspicious region. 

Regardless of the number of measurements taken on each 
Suspicious region, if an item under inspection 180 contains 
multiple suspicious regions, controller 230 (FIG. 2) may con 
trol drive mechanisms 420 and 440 to sequentially position 
source assembly 410 and detector assembly 430 to focus on 
each Suspicious region. 

In some embodiments, diffracted X-rays will have suffi 
ciently low flux that data must be captured over a finite data 
capture period in order to capture enough X-ray photons for 
reliable analysis. If conveyor 244 is moving an item under 
inspection relative to source assembly 410 and detector 
assembly 430 during this data capture period, the system will 
befocused on different regions of the item under inspection at 
the start and end of the data capture period. Capturing data in 
this fashion may not be sufficiently accurate for some appli 
cations. Therefore, in some embodiments, controller 230 may 
generate commands to the conveyor system to stop conveyor 
244 while data is being captured on one region of an item 
under inspection. 

Even if conveyor 244 is stopped for a measurement, it is not 
necessary in all embodiments that source assembly 410 and 
detector assembly 430 be held stationary. For example, while 
detector 432 is capturing data, in Some embodiments source 
assembly 410 and detector assembly 430 may move slightly 
relative to item under inspection 180. Such slight motion, 
Sometimes called “dither may average out measurement 
noise and increase the accuracy with which measurements are 
made. 

Further, whether or not dither is employed in a measure 
ment, it is not necessary that item under inspection be held 
stationary while data is being acquired. In some embodi 
ments, conveyor 244 may move item under inspection 180 
through inspection region 400 while measurements are being 
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made on item under inspection 180. Because both source 
assembly 410 and detector assembly 430 may move in the Z 
direction, source assembly 410 and detector assembly 430 
may move in synchronization with item under inspection 180. 
In this way, the relative position of item under inspection 180 
to source assembly 410 and detector assembly 430 may be 
maintained while a measurement is being made even though 
item under inspection 180 moves. 

If the speed of conveyor 244 is such that an item under 
inspection does not pass through inspection area 400 faster 
than the time required to take measurements on the Suspicious 
regions in the item under inspection, conveyor 244 does not 
have to be stopped. By taking measurements without stop 
ping conveyor 244, no time is lost starting and stopping 
conveyor 244. Furthermore, by continuously inspecting items 
in angular analysis system 220 at the rate at which they are 
processed in three-dimensional inspection system 210, items 
under inspection may flow continuously from the level 1 
scanner, which increases the overall throughput of explosive 
detection system 110. 

With the embodiment of FIG.4, the full range of measure 
ments that can be made on item under inspection 180 while 
stopped can also be made as it moves through inspection 
region 400. For example, to reposition source assembly 410 
and detector assembly 430 for measurements on a second 
Suspicious region, one or both of the Source assembly 410 and 
detector assembly 430 may be moved at a rate different than 
the item under inspection to focus angular analysis system 
220 on the desired location within item under inspection 180. 
Likewise, to collect data while dithering the source and detec 
tor, the Source and detector can be synchronized to, on aver 
age, move at the same speed as conveyor 244, but to have an 
instantaneous speed at any given time that is slightly above or 
slightly below the speed of conveyor 244. 

FIG. 5 shows in greater detail how the relative positioning 
of source assembly 410 and detector assembly 430 may be 
used to focus angular inspection system 220 on the specific 
focus region 454 and to selectively process radiation emanat 
ing at a defined angle. In the pictured embodiment, angular 
analysis system 220 may be focused in three dimensions and 
select an examination angle with only movement in two 
dimensions. Those two dimensions are parallel to conveyor 
244, which allows for a compact system. 

FIG. 5 shows the system in cross section as seen in the Y-Z 
plane. As described above in connection with FIG. 4, the 
Source and the detector can be positioned independently 
within the X-Z plane. Focus region 454 may be positioned at 
any point in the X-Z plane by positioning source 412 below 
the desired location. In the illustrated embodiment, detector 
432 is positioned at the same X location as source 412. Then, 
detector 432 is positioned in the Z direction so that radiation 
452, diffracted at a desired angle, 0, from focus region 454 
passes through the aperture plates 434 and 436. 
Once this relationship between source 412 and detector 

432 is set, focus region 454 can be translated to any location 
in the X-Z plane by translation of source 412 and the detector 
432 in unison. As the Source and the detector move together, 
focus region 454 will move a corresponding amount. 

In the embodiment illustrated, the relative Y position of 
focus region 454 may be controlled by differential movement 
of source 412 and the detector 432. As shown in FIG. 5, focus 
region 454 is at a distance H in the Y direction below detector 
432. The magnitude of H is related to the relative displace 
ment in the Z direction of detector 432 from source 412. This 
relative displacement is indicated as S. By increasing S, the 
magnitude of H will increase, lowering focus region 454. 
Conversely, decreasing S will raise focus region 454. Drive 
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12 
mechanisms 420 and 440 can be controlled to position source 
412 and detector 432 to increase or decrease S and position 
focus region 454 as desired. 

Furthermore, the focusing system of angular inspection 
system 220 also may be constructed to allow the angle E to be 
simply controlled. As shown in FIG. 5, the angle 0 is con 
trolled by the distance S, separating apertures 530 and 532. 
Increasing S causes an increase in the angle 0. Conversely, 
decreasing S causes a decrease in the angle 0. 
By coupling aperture plate 434 to a drive mechanism 520, 

the angle () may be varied automatically, Such as under con 
trol of a software program on controller 230. As will be 
described below in conjunction with FIGS. 7A and 7B, it may 
be desirable to make measurements on the same region of an 
item under inspection at different angles or to set the angle 
dynamically based on information about an item under 
inspection. 

Drive mechanism 520 may be used to alter the spacing S. 
in any suitable way. Aperture plate could be moved in the Z 
direction to directly vary the distance S. 

However, in some embodiments, drive mechanism 520 
may move aperture plate 434 in the X direction. In such 
embodiments, aperture plate 434 may contain multiple aper 
tures, located at different Z distances from the edge of the 
plate. Moving aperture plate 434 in the X direction may 
expose a different aperture through opening 550 in support 
member 438, thereby changing S. Translation in the X direc 
tion to vary the properties of the aperture in this fashion may 
also allow properties of the aperture other than its Z position 
to be easily controlled, as described below in conjunction 
with FIGS. 6A and 6B. 

In the illustrated embodiment, the source and detector have 
independent positioning systems, allowing both the relative 
X and Z position of the source and detector to be controlled. 
However, in some embodiments, source 412 and detector 432 
are controlled so that they have the same X position. In such 
embodiments, it is not necessary for the Source and detector to 
have completely independent positioning systems. Simpli 
fied operation or construction may be possible by having the 
X positioning systems of the Source and detector electrically 
or mechanically coupled so that the source and detector move 
together in the X direction. 

Regardless of whether a simplified positioning system is 
used, angular analysis system 220 has a compact focusing 
system, allowing the overall system to be small and relatively 
low cost. The focusing system can control the coordinates of 
the focus region in X,Y,Z and 0 using only motion in the X-Z 
plane. Further, the focusing system does not require compo 
nents that extend significantly further in the X-direction or 
Y-direction than inspection region 400 (FIG. 4). Moreover, it 
does not require space above or below inspection region 400. 

Such a focusing system compares favorably to systems 
using a C-arm to couple the source assembly and detector 
assembly. Systems with C-arms need to provide additional 
clearance above, below and on the side of the inspection 
region to accommodate the C-arm in any focus position. 

Turning to FIGS. 6A and 6B, additional details of aperture 
plate 434 may be seen. Aperture plate 434 may be constructed 
from a material that blocks radiation from reaching detector 
432 (FIG. 4) except that radiation passing through an aperture 
in aperture plate 434. 

In the embodiment of FIGS. 6A and 6B, aperture plate 434 
contains multiple apertures. Here, apertures 530 and 630 are 
shown for use inacquiring radiation from specified angles. As 
described above, motion of aperture plate 434 in the X direc 
tion positions one of the apertures in the aperture plate 434 
within opening 550. The aperture on aperture plate 434 posi 
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tioned within opening 550 (FIG. 5) dictates characteristics of 
radiation reaching the detector 432. For example, apertures 
530 and 630 have different positions in the Z direction, but 
otherwise have similar characteristics. In this embodiment, 
aperture 630 is positioned in the Z direction to allow radiation 
at an angle of 3.2° to reach detector 432. Conversely, aperture 
530 is positioned in the Z direction to allow radiation at an 
angle of 5° to reach detector 432. 

In some embodiments, apertures with different shapes or 
other characteristics may be included on aperture plate 434. 
However, in this embodiment, apertures 530 and 630 are both 
shown as slits elongated in the X direction. The slits are 
narrow in the Z direction. In an embodiment Such as is shown 
in FIG. 5 in which the detector 432 is offset from source 412 
in the Z direction, an aperture that is narrow in the Z direction 
provides good angular resolution. Good angular resolution, in 
this context, indicates that radiation diffracted at a relatively 
narrow range of angles is allowed to reach detector 432. Good 
angular resolution is desirable in some embodiments because 
the spectrum of diffracted radiation is dependent on the angle 
at which the radiation is measured. If radiation diffracted at 
multiple angles simultaneously reaches detector 432, mul 
tiple spectra may be Superimposed in the measured radiation 
and it may become difficult to detect a single spectrum asso 
ciated with a specific type of material within focus region 
454. 

However, providing a narrow aperture restricts the X-ray 
photon flux at detector 432. For detector 432 to make an 
accurate measurement, it must capture a Sufficient number of 
X-ray photons. By reducing the X-ray photon flux, the data 
capture time may need to be increased, which may also be 
undesirable in some embodiments. However, to offset a 
decrease in X-ray photon flux by making aperture 530 and 
630 narrow in the Z direction, apertures 530 and 630 may be 
elongated in the X-direction. Though elongating apertures 
530 and 630 in the X direction decreases the spatial resolution 
with which focus region 454 may be specified, the inventors 
have appreciated that an explosive detection system 110 is 
less sensitive to a decrease in spatial resolution than to a 
decrease in angular resolution. Accordingly, in some embodi 
ments, a slit-shaped aperture provides a desirable compro 
mise between resolution and data acquisition time. 

Nonetheless, it should be appreciated that the slit-shaped 
apertures as shown for apertures 530 and 630 are representa 
tive of the shapes that may be used to form apertures in plates 
434. For example, apertures 530 and 630 may be shaped as 
ovals, circles or in any other suitable shapes. 

Aperture plate 434 may also include apertures with char 
acteristics that affect operating parameters of angular analy 
sis system 220 other than the angle of radiation allowed to 
reach detector 432. For example, aperture plate 434 may be 
constructed with an aperture to hold a calibration disk 634. 
Calibration disk 634 may be a printed circuit board or other 
Substrate coated with materials that emit radiation at specific 
energies when radiated by X-ray energy of the type emitted 
by source 412. Materials having these properties are known in 
the art, and any suitable materials may be used to construct 
calibration disk 634. 

When calibration disk 634 is incorporated into aperture 
plate 434, it provides an easy mechanism for calibration of 
detector 432. Aperture plate 434 may be moved to position 
calibration disk 634 in opening 550 (FIG. 5). Calibration disk 
634 may then be irradiated by beam 450. Because radiation 
emitted by calibration disk 634 has a known energy spectrum, 
the output of detector 432 in response to energy of this known 
spectrum may be used to calibrate detector 432. 
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As another example of the type of aperture that may be 

included on aperture plate 434, pinhole 632 is shown. Aper 
ture plate 434 may be moved to position pinhole 632 within 
opening 550. Pinhole 632 may have a Zposition in aperture 
plate 434 such that when it is positioned in opening 550, it will 
be aligned with aperture 532 (FIG. 5). With this alignment, 
radiation of X-ray source 412 will reach detector 432 only if 
source 412 and detector 432 are aligned in the X-Z plane. 
Accordingly, pin hole aperture 632 may be used to align 
source 412 and detector 432. Alternatively, pinhole aperture 
632 may be used to measure the strength of radiation passing 
through an item under inspection without being scattered. 
Being able to measure the strength of radiation passing 
through an item under inspection in this way may provide 
additional information for analyzing a Suspicious region. 
To avoid Saturating detector 432 for straight-through mea 

surements, pin hole 632 may be laser drilled or otherwise 
made very small. If the material from which aperture plate 
434 is constructed is to brittle to allow a sufficiently small pin 
hole to be formed, pinhole 632 may be provided with a small 
diameter by inserting a plug of a softer material. Such as gold 
or lead, in which a small pinhole may be formed. 

Turning to FIGS. 7A and 7B, an example of the benefit of 
being able to automatically alter the properties of the aperture 
controlling radiation reaching detector 432 is provided. 
FIGS. 7A and 7B illustrate energy spectra from the same 
object but taken at different angles. The energy spectra of 
FIG. 7A was measured at an angle of 3.2° and, for example, 
may correspond to measurements made using aperture 630. 
FIG. 7B is representative of an energy spectrum taken at an 
angle of 5° and, for example, may represent a measurement 
taken with aperture 530. 

In FIG. 7B, four readily identifiable peaks in the spectrum 
are visible. The peaks are labeled A, B, C and W. In this 
example, the peak labeled W represents energy from X-ray 
source 410 that is not diffracted. Accordingly, the peak 
labeled W appears at approximately 60 keV in both of the 
spectra of FIGS. 7A and of 7B. The other peaks, labeled A, B 
and Cappear at energies that are dependent on the measure 
ment angle because they have been diffracted. These peaks 
may provide a signature characteristic of a specific material of 
interest. 
As shown in FIG. 7A, when the measurement is made at 

3.2, it is difficult to recognize the signature of that material. 
The peak identified as A is indistinguishable from the peak 
identified as W. Also, the peak identified as C is small and 
largely indistinguishable from noise associated with the mea 
surement. Though the peak identified as B is readily observ 
able, identifying a single peak in the spectrum may not pro 
vide accurate recognition of the material. In contrast, FIG.7B 
shows that when X-rays scattered at an angle of 5 are mea 
Sured for this material, three readily recognizable peaks iden 
tified as A, B and C appear in the spectrum. The peak A is 
separated in energy form the peakW in the spectrum of FIG. 
7B and is therefore more readily recognizable than in FIG. 
7A. Also, the peak identified as C is larger in comparison to 
the noise and also more readily identified. 

Comparison of FIGS. 7A and 7B demonstrates that in some 
scenarios some measurement angles will be more Suited for 
identifying a specific material than others. Appreciation of the 
phenomenon that different materials will be easier to recog 
nize for measurements taken at different angles in combina 
tion with the ease of automatically altering the measurement 
angles provides by the system of FIGS. 4 and 5 gives rise to a 
novel process for operating an explosive detection system, 
such as explosive detection system 110 (FIG. 1). The process 
is illustrated by FIG.8. 
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The process of FIG. 8 begins at block 810 where coordi 
nates of suspicious regions are generated. In explosive detec 
tion system 110, coordinates of Suspicious regions may be 
generated by three-dimensional imaging system 210. How 
ever, the Suspicious regions may be identified in any Suitable 
way. 

The coordinates generated at block 810 are used in sub 
process 811 during which an angular analysis system is 
focused to measure a property of the material within a Suspi 
cious region. In the example in which the process of FIG. 8 is 
performed in explosive detection system 110, sub-process 
811 is performed by providing coordinates of regions within 
the Suspicious regions at which X-ray diffraction measure 
ments are made. 
At block 812 an X-ray source is positioned below the 

specific region in which material properties are to be mea 
Sured. 
The process continues to block 814 where a measurement 

angle is selected. Any Suitable approach may be used to select 
a measurement angle. In situations where level one scanning 
provides information indicating the nature of the material in 
the Suspicious region, Such as for example if dual energy 
measurements indicate an atomic number, information may 
be available indicating the measurement angle most likely to 
produce a readily recognizable spectrum if the Suspected 
material is present. In other embodiments, or when material 
information is not available, a measurement angle may ini 
tially be selected by default. 

In setting the measurement angle at block 814, it is not 
necessary that the measurement be intended to identify a 
threat material. For example, when level 1 scanning indicates 
a suspicious region because the level 1 system cannot reliably 
determine whether the region contains an innocuous plastic 
case or a plastic explosive, the measurementangle may be set 
to capture a spectrum in which the explosive may be readily 
recognized or, the measurementangle may be set to capture a 
spectrum in which the innocuous plastic case may be readily 
identified. Determining that either the Suspicious region con 
tains a threat material or an innocuous material may allow a 
more accurate determination of whether the item under 
inspection should be alarmed. 
Once the measurement angle is selected, the process con 

tinues to block 816. At block 816, the components of the 
focusing system of angular analysis system 220 are posi 
tioned to provide the desired focus in height and angle. As 
shown in FIG. 5, drive mechanism 520 may position aperture 
530 to control the measurement angle. Drive mechanism 440 
may position the detector assembly to focus angular analysis 
system 220 on a focus region 454 at the desired height. 
The process then proceeds to block 818 where radiation 

scattered from the focus region is captured. The processing at 
block 818 may last until a sufficient number of scattered 
X-ray photons are captured to provide a reliable measure 
ment. As described above, the processing at block 818 may be 
performed while conveyor 244 is stationary or may be per 
formed while the Source and detector assembly are moving 
with the motion synchronized to the motion of conveyor 244. 
Once Sufficient radiation is captured, the process continues 

to block 820 where the spectrum of the captured radiation is 
analyzed. As shown in connection with FIGS. 7A and 7B, 
spectrum analysis performed at block 820 may involve 
matching peaks in the radiation spectrum to patterns of peaks 
associated with previously-identified material. If a suffi 
ciently high correlation between the peaks of the captured 
radiation spectrum and the radiation spectrum of a known 
material is achieved, the material in the focus region is iden 
tified. If the material in the focus region is identified, when 
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processing reaches decision block 822, the alarm may be 
resolved. The alarm may be resolved by identifying either that 
all suspicious regions in the item under inspection contain 
only innocuous materials or that at least one of the Suspicious 
regions contains a threat material. If either of these resolu 
tions is achieved, processing continues to block 824 where the 
result is reported. The processing at block 824 may include 
notifying a human operator that a threat has been detected, 
diverting the item under inspection for further processing as a 
cleared or alarmed item, as appropriate, or taking any other 
Suitable action. 

Conversely, if processing at block 820 does not result in 
information that allows the alarm to be resolved, processing 
continues to block 826. For example, the radiation captured at 
block 818 may not have a spectrum with distinctive peaks that 
could be matched to stored spectra. At block 826, different 
values of S and S may be set. By setting different values of 
S and S. radiation may be captured at a different angle, but 
in the pictured embodiment radiation is captured from the 
same focus region as at block 818. 
With these new settings for S and S. processing proceeds 

to block 828. At block 282, radiation is again captured. The 
spectrum of this radiation is analyzed at block 830. The pro 
cessing at blocks 828 and 830 may be similar to that per 
formed at blocks 818 and 820. However, the spectra of known 
material compared to the radiation captured at block 830 are 
spectra of radiation captured at the same measurement angle 
that was set at block 826. Even if analysis at block 820 did not 
resolve the alarm, processing at block 830 may resolve the 
alarm if the measurement angle set at block 826 results in a 
radiation spectrum with a more recognizable pattern of peaks 
or other features. 

The results of the analysis performed at block 830 are 
reported at block 832. The processing of block 832 may be 
similar to the processing performed at block 824. However, if 
no resolution of the alarm was possible based on the analysis 
performed at block 830, the item under inspection may be 
passed on to a higher level inspection with an indication that 
the alarm was not resolved. 
The processing pictured in FIG. 8 is one example of a 

process that may be performed with an explosive detection 
system such as explosive detection system 110. Though pro 
cessing is illustrated as occurring in sequential process 
blocks, any suitable ordering of the process blocks may be 
used, including concurrent execution of one or more process 
blocks. Also, FIG. 8 presents a greatly simplified illustration 
of possible processing. For example, various process steps 
illustrated in FIG.8 may be repeated to take multiple mea 
Surements on each Suspicious region or to take measurements 
on multiple Suspicious regions on an item under inspection. 

Having thus described several aspects of at least one 
embodiment of this invention, it is to be appreciated various 
alterations, modifications, and improvements will readily 
occur to those skilled in the art. 

The above-described embodiments of the present inven 
tion can be implemented in any of numerous ways. For 
example, in the described embodiment, the detector collima 
tor included slits elongated in the X-direction and the source 
and detector were controlled to maintain the same Xposition. 
The same results could be achieved by forming apertures 
elongated in the Y direction and controlling the source and 
detector to have the sameY position. Thus, specific directions 
of motion are not a limitation on the invention. 

Also, the embodiments may be implemented using hard 
ware, software or a combination thereof. When implemented 
in software, the software code can be executed on any suitable 
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processor or collection of processors, whether provided in a 
single computer or distributed among multiple computers. 

Also, the various methods or processes outlined herein 
may be coded as Software that is executable on one or more 
processors that employ any one of a variety of operating 
systems or platforms. Additionally, Such software may be 
written using any of a number of Suitable programming lan 
guages and/or conventional programming or Scripting tools, 
and also may be compiled as executable machine language 
code or intermediate code that is executed on a framework or 
virtual machine. 

In this respect, the invention may be embodied as a com 
puter readable medium (or multiple computer readable 
media) (e.g., a computer memory, one or more floppy discs, 
compact discs, optical discs, magnetic tapes, etc.) encoded 
with one or more programs that, when executed on one or 
more computers or other processors, perform methods that 
implement the various embodiments of the invention dis 
cussed above. The computer readable medium or media can 
be transportable, such that the program or programs stored 
thereon can be loaded onto one or more different computers 
or other processors to implement various aspects of the 
present invention as discussed above. 
The terms “program' or “software' are used herein in a 

generic sense to refer to any type of computer code or set of 
computer-executable instructions that can be employed to 
program a computer or other processor to implement various 
aspects of the present invention as discussed above. Addition 
ally, it should be appreciated that according to one aspect of 
this embodiment, one or more computer programs that when 
executed perform methods of the present invention need not 
reside on a single computer or processor, but may be distrib 
uted in a modular fashion amongst a number of different 
computers or processors to implement various aspects of the 
present invention. 

Computer-executable instructions may be in many forms, 
Such as program modules, executed by one or more comput 
ers or other devices. Generally, program modules include 
routines, programs, objects, components, data structures, etc. 
that perform particular tasks or implement particular abstract 
data types. Typically the functionality of the program mod 
ules may be combined or distributed as desired in various 
embodiments. 

Various aspects of the present invention may be used alone, 
in combination, or in a variety of arrangements not specifi 
cally discussed in the embodiments described in the forego 
ing and is therefore not limited in its application to the details 
and arrangement of components set forth in the foregoing 
description or illustrated in the drawings. For example, 
aspects described in one embodiment may be combined in 
any manner with aspects described in other embodiments. 
Use of ordinal terms such as “first,” “second,” “third,' etc., 

in the claims to modify a claim element does not by itself 
connote any priority, precedence, or order of one claim ele 
ment over another or the temporal order in which acts of a 
method are performed, but are used merely as labels to dis 
tinguish one claim element having a certain name from 
another element having a same name (but for use of the 
ordinal term) to distinguish the claim elements. 

Also, the phraseology and terminology used herein is for 
the purpose of description and should not be regarded as 
limiting. The use of “including.” “comprising,” or “having.” 
“containing.” “involving.” and variations thereof herein, is 
meant to encompass the items listed thereafter and equiva 
lents thereofas well as additional items. 
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What is claimed is: 
1. An inspection system, comprising: 
a) a conveyor adapted to move items in a first direction; 
b) a source assembly comprising: 

i) an X-ray source adapted to irradiate an item on the 
conveyor, and 

ii) a source collimator positioned between the X-ray 
Source and the conveyor, 

c) a first positioning mechanism adapted and arranged to 
move the Source assembly in a second direction, trans 
verse to the first direction; 

d) a detector assembly comprising: 
i) a detector, and 
ii) a detector collimator positioned between the detector 

and the conveyor, 
e) a second positioning mechanism adapted and arranged 

to move the detector assembly in the second direction, 
the second positioning mechanism adapted and 
arranged to be controlled in at least one direction inde 
pendently of the first positioning mechanism; and 

f) a controller adapted to control the first and second posi 
tioning mechanisms to independently position the 
source and detector assemblies relative to the item to 
focus the inspection system on a region within the item 
on the conveyor and to move the source and detector 
assemblies in the first direction in synchrony with the 
conveyor, thereby maintaining the focus on the region as 
the item moves on the conveyor. 

2. The inspection system of claim 1, wherein the first 
positioning mechanism is adapted and arranged to move the 
Source in the first direction and the second positioning mecha 
nism is adapted and arranged to the move the detector in the 
first direction. 

3. The inspection system of claim 1, wherein the source 
collimator is shaped to pass a beam of radiation and the 
detector collimator is shaped to receive scattered radiation 
diffracted from the item on the conveyor at a scattering angle 
relative to the beam of radiation, and wherein the detector 
measures an energy spectrum of the scattered radiation dif 
fracted at the scattering angle. 

4. The inspection system of claim3, wherein the controller 
is coupled to the detector collimator and adapted to vary the 
scattering angle of scattered radiation received at the detector. 

5. The inspection system of claim 1, wherein the detector 
collimator comprises a movable stage carrying a plate having 
a plurality of apertures therein. 

6. The inspection system of claim 5, wherein the plurality 
of apertures comprises a pinhole, a slit and an aperture having 
an X-ray fluorescent member disposed therein. 

7. The inspection system of claim 1, wherein the X-ray 
source has an energy below about 120 keV. 

8. The inspection system of claim 1, wherein the first 
positioning mechanism is constrained to position the source 
assembly in a first plane parallel to the first direction and the 
second positioning mechanism is constrained to position the 
detector assembly in a second plane parallel to the first plane. 

9. A method of operating an inspection system having: 
a) an inspection region adapted and arranged to position an 

item under inspection in a plane; 
b) a source; and 
c) a detector, 
the method comprising: 

i. moving the source and the detector parallel to the plane 
in Synchrony with the item to create a focus region in 
an item under inspection; 

ii. with the source, radiating a portion of the item under 
inspection, the portion including the focus region; 
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iii. with the detector, measuring radiation emanating at 
an angle from the focus region; and 

iv. analyzing the measured radiation. 
10. The method of claim 9, further comprising dithering the 

position of the source and detector while measuring radiation. 
11. The method of claim 9, further comprising aligning the 

detector relative to the source by measuring with the detector 
radiation passing through a pinhole collimator. 

12. The method of claim 9, wherein moving the source and 
the detector comprises positioning the source and detector 
with a separation in a first direction. 

13. The method of claim 12, wherein measuring comprises 
measuring radiation passing through a detector collimator, 
the detector collimator comprising at least one aperture 
shaped as a slit, the slit having a narrow dimension in the first 
direction. 

14. A method of operating an inspection system, the 
method comprising: 

a) moving an item through an inspection area; and 
b) gathering data on a focus region of the item using a 

Source and a detector while moving the Source and the 
detector synchronously with the item. 

15. The method of claim 14, further comprising: 
c) moving the source and detector other than synchro 

nously with the item, whereby the source and detector 
are aligned with a second focus region of the item; and 

d) Subsequently gathering data on the second focus region 
of the item using the Source and detector while moving 
the source and the detector synchronously with the item. 

16. The method of claim 14, wherein moving an item 
comprises moving the item through the inspection area in a 
first direction and moving the source and detector other than 
synchronously with the item comprises moving the Source 
and detector transverse to the first direction. 
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17. The method of claim 15, wherein moving the source 

and detector other than synchronously with the item com 
prises moving the source and detector different amounts. 

18. The method of claim 14, wherein the inspection area is 
in a second inspection device and the method further com 
prises, prior to moving the item through the inspection area in 
the second inspection device, identifying the focus region in 
a first inspection device. 

19. The method of claim 18, wherein the first inspection 
device and the second inspection device are coupled through 
a conveyor system and moving the item comprises moving 
the item on the conveyor system through the first inspection 
device and the second inspection device without stopping. 

20. The method of claim 19, wherein the first inspection 
device inspects a series of items of which a plurality of items 
are identified for further inspection in the second device, 
items in the plurality are identified at a rate and the second 
inspection device inspects items at the same rate or higher. 

21. The inspection system of claim 1, wherein the control 
ler is further adapted to control the first and second position 
ing mechanisms to maintain a relative position of the item to 
the source assembly and the detector assembly. 

22. The method of claim 9, wherein moving the source and 
the detector parallel to the plane in synchrony with the item 
further comprises maintaining a relative position of the item 
to the source and the detector. 

23. The method of claim 14, wherein gathering data on a 
focus region of the item using a source and a detector while 
moving the source and the detector synchronously with the 
item further comprises maintaining a relative position of the 
item to the source and the detector. 


